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1.0 INTRODU COTION
This is the final report on a program to further develop the
., '"	 • breadboard Miniature Carbon Dioxide Sensor (originally developed
under Contract NAS9-7816) into an engineering model. The engineering
model is intended as a back-pack unit and differs from the breadboard
unit in that both the: Sensing I-lead and Electronics are integrated into
one small package, and the Sensing 1-lead is sealed from the ambient
atmosphere. The technical requirements for this model are identical to
LA	 those defined by Exhibit "A" except as modified by the follow --on work
'11	 statement, Exhibit "B", of the subject contract.
This report is divided into several sections. The first section
describes the CO2 engineering model, and summarizes the modifications
made on the system's critical elements. The second section of this
report contains the results of the final tests performed and witnessed in
accordance with the Acceptance Test Procedure previously submitted to
NAWMSC. The second section also contains our conclusions and
recommendations based on the test results.
The Appendix includo.s a report on the development of Barnes'
new TGFB detectors. It is presented as consideration for a contract time
extension request. Also included in the appendix is an Instruction Manual
describing the operation of the Miniature CO 2 Sensor.
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2.0 DESCRIPTION Or CO2 SENSOR
The engineering model consists of a Sensing Head and Electronics
integrated into one package. The Sensing Head is divided into a sample
compartment and a sens ing compartment. The bead is hermetically sealed
from the electronics and from the ambient atmosphere.
The major components of the Sensing Bead are identical to those
4
of the breadboard except for the following modifications:
First, baffling has been added around the primary mirror to
eliminate ambient light.
Second, included in the pyroelectric detector package is a
second shielded element in a balanced bridge circuit. This prevents the
input transistor from being blocked by large voltages resulting from rapid
changes in ambient temperature.
Third, a miniature pressure transducer was placed in the
sample compartment. The transducer (with its associated circuits) pro-
vides electronic compensation to reduce the CO 2 pressure-broadening
effect upon the instrument's calibration over the total pressure rang; of
3.5psi to 21pst. The volume of the Sensing Mead is approximately 4.5 	
,%.
inches  and it weighs 160 grams.
The Electronics package was built using discrete electronic
components. This allowed for debugging and optimization for subsequent
volume reduction by use of special flat packs and multi-component cans.
The electrical theory of operation is described in the instruction manual
which is located in the Appendix. The volume of the electronic package
is 9.5 inches and it weighs 245 grams.
3.0 REVIEW Or CRITICAL ELEMENTS
n
	3.1 PYROELECTRIC DETECTOR
Theroelectric deflectors incor porated in the engineeringpY	 !	 g	 g
model are of a new design. The requirement for the new detector design
came about from tests r ►„	 st r	 t s p  for cd on the breadboard unit. It wa. noted
t
	
	
that when the breadboard detector was subjected to rapid changes in
ambient temperature, a relatively large voltage was produced across
the Triglycine Sulfate crystal, causing the input field-effect transistor
to saturate or cut off. Because of the long electrical time constant of
the detector, it was several minutes before the input transistor unblocked.
In the new design, two (2mm square) Triglycine Sulfate crystals are arranged
in a balanced bridge circuit. The second or compensating element is
mounted on a ceramic support identically to the active element.	 It is
mounted to the detector vase in such a way that it is shielded from un-
wanted source radiation.
The detector elements are selected low-noise units and are
mounted integrally with a field-effect transistor impedance coupler and
a 1012 ohm load resistor. The detector case is hermetically sealed with
a calcium aluminate window. The detector parameters are tabulated below:
CO2 Channel
Reference Channel
D* (100,15,1)
Cm Cps 1/2 watt
4.75 x 108
3.1 x 108
Responsiyity
342 volts/watt
332 volts/watt
3.2 DETECTOR WINDOW
It was noted during time constant tests on the breadboard unit
that undesirable transients appeared occasionally in the CO 2 measuring
channel. This effect was attributed to large amounts of unwanted long
wavelength radiation passing through the sapphire window of the detector.
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To reduce this effect the cell windows in the engineering model were
changed to calcium aluminate glass with a lone wavelength cutoff of
4.5µ. After anti -reflection coating at 4.Oµ, the glass has a trans-
mission of 93%.
A further modification to the detector package was made in
the method used to hermetically seal the window to the detector case.
The requirement for an improved sealing technique was established by
in-house tests conducted at Barnes which indicated that a solder seal
would increase the integrity of the seal between the window and base,
thereby reducing the chance for detector noise from loss of vacuum.
Though solder techniques had been developed for germanium, silicon
and other I-R materials, a new solder technique was required for the
calcium aluminate glass. Such a technique was perfected and used in
sealing the detectors used in the engineering model.
3.3 THE PRIMARY MIRROR.
The f/1 spherical mirror used in the engineering model has
been modified slightly from the breadboard unit in that baffle plates
have been attached. The purpose of the baffling is to eliminate ambient
'light which caused detector saturation effects in the breadboard unit.
With the exception of the baffling, the optical characteristics of the
primary mirror are identical to those of the breadboard unit.
3.4 STANDARD COMPONENTS
Descriptions of the remaining standard sensor head components
(which were not modified for use in the engineering model) are part of the
instruction manual located in the appendix of this report.
The spectral characteristics of the 4.27 and 4.Oµ filters are
presented in Figure 7 and 8.
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4.0 CONCLUSIONS AND RECOMMENDATIONS
4.1 SUMMARY AND CONCLUSIONS
This program called for further development of the breadboard
Co2 Sensor into an engineering model. The technical requirements for
the engineering model were identical to those in Exhibit "A" except
as modified by Exhibit ":3. "
Performance tests using approved procedures were carried out
on the engineering modal. These tests were designed to determine the
degree to which the technical requirements of Exhibits "A" and "f3" were
met. Recommendations and conclusions based on the results of these
tests are presented. The recommendations are felt to be realistic, and
if incorporated into the sensor through additional development, a flight--
qualified unit should result.
4.2 TEST RESULTS AND RECOMMENDATIONS
4.2.1 Size and Weight
The design objective was an integrated sensor head and elec-
tronics package occupying 10 cubic inches. The engineering model
occupied 14 cubic inches and weighed 0.9 pounds. Considerable re-
ductions in size and weight could have been achieved in the present
model by designing the electronics package around special flat packs
and multi-component cans. However, this would have been impractical
from the standpoint of debugging and optimizing the unproved circuit
design. If, in the future, additional development is requested, a volume
reduction in the size of the present electronic package can be achieved
efficiently through the use of specially designed component packages.
4.2.2 Storage Ambient Temperatures
The requirement for storage temperatures from -60 0 P to 160° F
will not adversely affect the operation of the sensor. At approximately
4-1
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11E1 0 1', the `t'riglycine Sulfate crystal element depolarizes. This is
not a destructive effect, but the detector must be repoled before it can
be used. In use, the prescribed circuit will automatically repole the
detector as lone as the ambient temperature is below the Curie temperature.
4.2.3 Storraue, Ambkgnt PressLi
The required storage pressure range (from 1 x 10 -10 psis to
21 psis) will have no affect on the Sensor.
4.2.4 I1_ timidity,
The test results (shown in ngure 1) indicate that humidity does
not affect the performance or measurement capabilities of the Sensor.
4.2.5 Operatina Ambient Tempera ture
Results of tests of the operating temperature range of the Sensor
are shown in figure 2. Over the temperature range of 40° r to 75° F
the tests indicate the instrument accuracy is :k5% of full scale. Above
75°F the accuracy decreases to 30% of full scale. The large instrument
error at high temperature is attributed to two circuits: the linearizing
diode network of the output amplifier; and the pressure transducer's FET,
which is used as a variable gain resistor in the post amplifier circuit.
In the future, critical components used in these circuits will be required
to meet tighter temperature specifications and be selected after aging.
It should be noted that saturation problems due to large temperature
changes experienced by the detector in the breadboard unit have been
eliminated in the engineering model through the use of dual TGS de-
tector elements. Arranging the elements in a balanced bridge configura-
tion prevents the input transistor from being blocked.
4.2.6 Response Time
Tabulated below are the results of time response measurements
of the sensor to a step change in CO2 concentration.
..
Though a dc►sign goal of 0.1 second was specified, perfor-
mance test
	 results indicated the system's response time was limited
to that value which resulted in a tolerable noise level at the output.s
i. Curther studies into the noise mechanism indicated a ground loop
problem.	 However, duce to the program time schedule this problem
was never completely eliminated.	 It is felt that elimination of the
ground loop noise in future units would be accompanied by a faster
system response.
1
4.2.7 Power Requirements
The power required to operate the engineering model was measured
as 2.8 watts. More than half of this power is lost in the regulation circuits
which allow the system to operate from ai, unregulated power source ranging
from 17.6 to 30 volts D-C. If,in the future, regulated power were pro-
vided, it would be possible both to reduce the present power requirement
by one half and to reduce the size of the electronics package by one
third.
4.2.8 Operating Range
The Sensor was calibrated at partial pressures of CO 2 between
0 and 40 mm Hg for total pressures 3.5, 6, ' 9, 12, 15, 18, and 21 psia
in mixtures with each of the following gasses: air, nitrogen, helium,
and oxygen. Electronic compensation was used to reduce non-linearity
due to pressure broadening and CO2 concentration over the full calibration
range. The data, plotted in Figures 3 through 6, indicates a combined
accuracy and stability of *5% of full scale over large portions of the instru-
ment's total pressure operating range. It is felt that minor changes which
could be made in the existing compensating circuitry would provide total
compensation over the total pressure range of 3. S to IS psi for CO2 partial
pressure concentrations less than 20mm. To extend both the operating
pressure range and partial pressure range to specified contract limits would
require major design changes in the Sensor's linearizing circuit networks.
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APPENDEK 1.0
A STATUS REPORT ON THE TCFB PYROELECTRIC DETECTOR
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A Status Report can
• The 'fGl'f3 Pyroclectric Detector
1.0 INTRODUCTION
The current status of Barnes Engineering Company's Triglycine
I'luoberylate (TGFB) pyroelectric detector development is reviewed in
this report. The report is included in consideration for a time extension
on Phase II of a program for the development of a Miniature Carbon Dioxide
Sensor.
The first section of this report describes the characteristics of
D
U
D
the thermal-sensing pyroelectric element. The detector's construction
and characteristics are described in the second section. Also included in
the second section is data on responsivity and noise as functions of tempera-
spectralure and frequency, and a typical 	 response for an unblackened TGFB
pyroelectric element.
2.0 THE TGFB PYROELECTRIC ELEMENT
The material, TGFB, belongs to one of the crystal classes without
a center of symmetry which exhibit spontaneous polarization. Crystals
in these classes are called pyroelectric, since the value of spontaneous
polarization is temperature dependent, and a change in charge will appear
whenever the temperature is changed. The change in spontaneous polariza-
tion with temperature ( ^ ) of TGFB is continuously negative from the
curie point (73° C) to at least -20° C. The application of a D-C potential
in a direction parallel to the crystal's ferro-electric axis aligns the dipoles
into a single domain. Upon absorption of radiation the pyroelectric element
rises in temperature, causing an electric charge to appear across the surfaces
perpendicular to the crystal's ferroelectric axis. The charge is neutralized
through controlled leakage.
Pyroelectric elements are theoretically noiseless, for in principle
they are pure capacitors. However, when used in a practical circuit, they are
noise limited at low frequencies (0-500Hz) by the leak resistance; in mid-
1
range (50011z - 2KHz) by the loss Mrigent; and (it high frequencies (beyond
2K llx) by amplifier noise.
3.0 TIIE TC1'B DETECTOR
3.1 DETECTOR CONEURUC.TION
Single crystals of TGFR material weighing approximately 25 grarris
are now grown quite regularly at Bl-,C. A modified Wieder and Narkerson(1)
Method is used. The TGrB crystals are grown by reacting an aqueous
glycine solution with I-lydrofluoberyllic acid, ke ,_--ping the solution constantly
super-saturated while lowering its temperature. The material is cut into
thin slabs, perpendicular to the ferroelectric axis. After lapping the crystal
to the desired thickness, opposite surfaces are electroded. Since the
material itself has virtually no transmission from 2 to 25 microns and is
highly absorbent, the electrode on the front face is normally transparent.
The transparent electrode technique also reduces the thermal mass of the detector
and facilitates the construction of either individual elements or mosaics on
a single crystal section. In addition to the thin flake of pyroelectric crystal
mounted on r., substrate of low thermal and electrical conductivity, the de-
Lector package incorporates a field effect transistor (FET) for impedance match-
ing from 10 12 to 104
 ohms, a 10 11 ohm load resistor, and an infrared-trans-
parent window. A typical deflector package and circuit is shown in Figure 1.
3.2 DETECTOR CHARACTERISTICS
It has been shown by Weiner (2) that the responsivity of a pyroelectric
detector can, in general, be expressed by
RT A	 dPLe
A 	 1+JRT CS coAh h	 dT
-2-
G	
_
fe1
where
R 
is the thermal leakage to surroundings (watt)
A is the area (cm 2)
C is the density (gm/cm3)
S is the specific heat (cal/gm °C)
w is the radian frequency (rad/s)
h is the thickness (cm)
Ps is the spontaneous polariza tion (Cciul/cm2)
C is the permittivity (k"/m)
AT is the change in crystal temperature (° C)
t
1
lJ
0
0
0
A
A
0
Por low frequencies approaching D-C ( w << 
w  ),
^t	
A VV	 = R  A h d (Ps/E) /dT
AH
where coo = (RT
	
SA h) -1
 -- Thermal point break.
For high frequencies (W >> o),
_ A V
	 d (Ps / ) /dTA 1i	
WS
Using a noise model that includes the detector capacitance, detec-
tor series loss resistance (tan b / cu c ), amplifier input capacitance, gate
bias resistance, Weiner (2) has shown that depending on the electrical fre-
quency; the detector is noise-limited by the load resistor for ;u <r ;u ,
e
by the loss tangent for co e « (D << a ,	 and by the amplifier short
circuit noise for w >> IOU 	 where :a e is the frequency where load
resistor noise equals loss tangent noise ( h tan 6 / R
SH E	 a
A) and w is
the frequency where loss tangent noise equals amplifier short circuit noise
(tan a 4Krh/ c A (Vn ) 2
 ) . The limiting noise mechanisms in the different
bandwidths are as shown in Figure 2. to the above..
1	 -3_
1
n `' l
rtan c, -- loss tangent of the material
K	 Boltzman constant
T	 Temporature ° K
RSH	 - Load resistor
Vn	- Amplifier short circuit noise
Of all the figures of merit which exist to characterise the signal--to-noise
performance of a detector, D* is the most popular. The D* is readily
calculated for different frequencies from previously indicated expressions
as follows:
D*	 (A Af) 1/2
n
where 6i/Vn is the ratio of detector responsivity to the rms noise voltage
in the bandwidth A f. The measured Value of D* for a detector is written
as D* (k, f, 1),where k is the temperature of the reference blackbody in
degrees kelvin, f is the chopping frequency in Hz, and the reference band-
width is 1 Hz. The units of D* are cm (Hz) 1/2/watts.
The responsivity and noise as functions of frequency for a typical
1.5 by 1.5mm detector are shown in Figure 3. The rapid fall-off of respon-
sivity with frequency is due to the long thermal time constant (1 to 2 sec)
of the detector. However, due to a characteristic falling of the noise at
6db/octave in the low frequency region the detectivity remains relativity
constant over a fairly wide range of frequencies.
Relative responsivity and noise as functions of temperature were
measured over the temperature range -20° C to + 70° C. Typical data is
plotted in Figures 4 and 5. Depending on the actual ratio of detector4lake-
to FET-capacitance, as well as chopping frequency, there will be some
deviation from the indicated curves, which represent an average for detectors
1.0 x 10-2 to 2.5 x 10-2 cm  in area, at frequencies between 15 and 90 Hz
11
figure 6 is a plot of the spectral response of a TG1"R detector
with a transparent top electrode and a KRS-5 window. Below 2.01j.,
TGrB is transparent and must be blackened with an additional absorber if
performance is required down to the visible portion of the spectrum. For
performance beyond 35µ, polyethylene, quartz, or Type II diamond windows
are required.
Consistent results are now obtainable with TGI'B as a rest , lt of
improved single-crystal growth. This has resulted in TGFB detectivities
equivalent to TGS at 25 0 C. Where operating conditions up to 6000
are encountered, TGFB is the choice over TGS without additional cooling
requirement.
References
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APPENDIX 2.0
INSTRUCTION MANUAL POR THE MINIATURE CARBON
DIOXIDE SENSOR, MODEL 30-331
•1
- i -
TABLE Or COONT NTP
Section Title E",,	 ,M
1.0 INTRODUCTION	 ........................ 1- 1
1.1	 DESCRIPTION ... • . • . • • •	 . •	 0 0	 0 1- 1
1.2	 PURPOSE OF THIS DOCUMENT. . .	 . . 0	 . .	 •
1 .3	 REFERENCES ... • ..... • • .... • ...0000 1-1
1 .4	 SPECIFICA'T'IONS .................... 1-3
2 00 INSTALLATION	 . . . . . . . • . . . • . . •	 . .	 . • .	 • •	 • .	 . 2-1
2.1
	 INTRODUCTION . . . . . . • • . .	 • 0	 4 0 0	 . •	 . .	 • 2--1
2.2	 SETUP•....•..•'•.......•......... 2-1
3 .0 OPERATION	 ............. 0 • • •	 0 0	 0 0 •	 . .	 . 0	 . 3-1
3.1
	
CONTROLS AND INDICATORS .. • ......... 3-1
3.2	 OPERATIONAL CALIBRATION • • .	 • 6	 0 0 0	 • •	 . .	 . 3-1
3.3
	 OPERATING PROCEDURE . . • • .	 • .	 . • 0	 • 0	 • •	 . 3-2
4.0 SYSTEM DESCRIPTION .......... 0 0	 0 0 0	 0 0	 0. 0 4-1
4.1
	 INTRODUCTION ....... • 0. 0 0	 0. 0. 6	 •. 0 4-1
4.2	 SENSING HEAD ........ 0 0. 0 0	 0 0. 0 0000 4-1
4.3	 ELECTRONIC SYSTEM. ... • 0•..••..0•.• 4-6
5.0 MAINTENANCE .........•.•.•••••...• 0•. 5-1
5 .1	 INTRODUCTION	 0000... 00000000••... 5-1
5.2	 CALIBRATION PROCEDURE • . 0 .	 0 6	 0 0 •	 0 0	 0 .. 5-1
"^	 r
ii
k
y
^r
fi
l
i
F
^f
k(g
i
-ii -
LIST OP ILI.UST1 ATJQ S
I'iaure	 Titic	 page
	
1 -1	 Miniature CO2 Sensor .0..090 , 6699..... 09.0	 1-2
	
1-2	 System Block Diagram	 1-4
	
4-1
	
Sensing Haack, Open	 4-2
	
4 -2 	 Electronics Unit . . . . . , . . . . . . . . . . . . . . . . . . . . 	 4-5
	
4 -3	 Electronics Unit, Open . .....................	 4-7
	
4-4	 Electronics Unit, Open., . 0 	 4 -8
	
5-1	 Sensing Heed, Parts Location ...... . ..........	 5-3
	
5-2	 Signal Processing Board, Parts Layout . . . . . . . . . . . . 	 5 -4
	
5-3	 Main Power Supply Board, Parts Layout . . . . . , . . f . .	 5-5
	
5-4	 Electrical Schematic Diagram . .................	 5-6
1
Page 1-1
1.0 INTRODUCTION
1.1 DESCRIPTION
LThe Miniature Carbon Dioxide Sensor (shown in Figure 1-1) is a small,
fast-response instrument capable of monitoring CO 2 partial pressures in the
range of 0 - 40 mm Hg. The CO2 content of the sample is determined by com-
paring its transmittance at: 4.27µ relative to its transmittance at 4.Oµ .
The sensor consists of an optical sensing head and elec, ',.Acs integrated
into one package. The optical head is sealed from the aiii )ient atmosphere and
contains two gas fittings for passing gas samples through the interior. The
electronics consists of discrete components in a compartment attached to the
sensor head. A separate unit contains the electrical input, output and calibration
controls and indicators. The block diagram (Figure 1-2) indicates the functional
interrelation of component parts and signal flow through the instrument.
The electrical output, 0 - 5 volts, is linearly related to the range of
0 - 40 mm Hg partial pressure of CO 2 for a total pressure of 14.7 :0.5 psi.
Fl ,»ctronic compensation is used to reduce the effect of CO 2 pressure broadening
on the instrument's calibration over the total pressure range of 3.5 to 21 psi.
1.2 PURPOSE OF THIS DOCUMENT
The Instruction Manual contains an illustrated technical description of
the Sensor as well as information on installation, operation, and handling.	 Its
purpose is to provide the user with the necessary operational details .
1.3 REFERENCES
A complete calibration and performance check procedure is contained in
the following document:
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Acceptance '"est Procedure for Miniature Carbon Dioxide Sensor,
prepared for NASA/Manned Space Center, Houston, Texas, under
Contract NAS 9-718, P1:C Project 3864, June 1970.
1.4 SPECIFICATIONS
Range, Partial Pressure CO2
Accuracy & Stability (combined)
Linearity (Note 1)
Specificity Error to CO 2 (Note 2)
Output
Output Impedance
Response Time to 63%
to 98%
Storage Ambient
Temperature
Pre s s ure
Humidity
Power Input
Power Consumption
Size
Weight
0 to 40 mm Hg
t5% of F.S.
f5% Of F.S.
< 1.5%
0 to 5 V D-C
< 500 ohms
< 0.5 sec.
< 1.4 sec.
-60° to +160°F
1 h 10-10 to 21.0 psis
0 to 100% R.H.
17.6 to30VD-C
< 3 watts
14 in.3
0.9 lb.
x
t
tNote 1: At 14.7 *0.5 psi.
Note 2: In mixture with N 2 , He2, OZ, or water vapor, singly.
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2.0 INSTALLATION
2.1 INTRODUCTION
The Sensor requires no special handling beyond that which is common
for electro-optical laboratory instrumentation. The instrument should be exa-
mined carefully as soon as it is received and any damage reported. The Sensor
will be ready to operate as soon as it is set up. It requires only one electrical
calibration check to be fully operable.
2.2 SETUP
Connect the Sensor Head to the gas sample source and to any flow meters
and pressure indicators which comprise the samplArig system. Use clean,
de-greased tubing, and tighten the fittings carefully to avoid straining the	 -
threaded parts.
interconnect the Sensor and its control unit with the cable provided. Then
connect the control unit power input terminals (see Figure 1-1) to a source of
D- C power between 17.6 and 30 volts.
The electrical output (partial pressure of CO 2 ) is indicated on the control
panel meter. This signal (0 - 5 V D- C at 5 00 ohms) is also available at the
OUTPUT terminals for connection to other instrumentation.
"k -
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3.0 OPERATION
3.1 CONTROLS AND INDICATORS
POWER INPUT terminals = input D-C power 17.6 V to 30 V at 3 watts maximurn7
Power On/Off Switch = power control
PARTIAL PRESSURE CO 2 MM Meter = indicates CO 2 content of gas
sample (0 -- 40 mm Hg) . Mark on scale used to calibrate system)
OUTPUT Terminals = electrical equivalent of meter indication.
When calibrated, the output signal (0 - 5 V) is proportional to the
CO, 2 content (0 - 40 mm) .
CALIBRATE Switch = introduces a fixed internal signal level for
setting the output potentiometer labelled CAL ADJUST. and the
output meter.
CAL ADJUST Potentiometer = used to set the span of the electrical
signal at the OUTPUT terminals and the output meter.
t.
F
i
t
n
J
3.2 OPERATIONAL CALIBRATION
a. Fill the sample chamber with air or argon at 14.5 psia .
b. Set the Power Switch On. Set the CALIBRATE switch to CALIBRATE
position.
c. Turn the CAL ADJUST control to set the meter needle to the reference
mark on the scale.
d. Set the CALIBRATE switch Off.
e. The instrument output is now calibrated.
f. For a complete calibration of the system, using gas samples of known
content, see the reference cited in Section 1.3.
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3.3
	 OPERATING ROCEDITRU;
Once the Sensor is calibrated, operation consists of turning on the power
•	 and Fussing the gas samplr I.o be examined through the Sewior r)cad Sample
chamber.
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4.0
 SYS
	 DESCRHITIO N
4.1 INTRODUCTION
The sensor system may be considered as comprising sensor (consisting of
a Sensing dead, an Electronics Unit) and a separate Control Unit. All of they
sample--detection and signal processing takes place in the Sensor. The control
unit contains components needed for operation: mainly, the power input and
signal output connections .
4.2 SENSING DEAD
4.2 , i Introduction
The Sensing Head functions as two'channels: a measurement channel
and a source compensation channel. As shown in rigures 4-1 and 5-1, the
Sensing Head contains the sources, optical system, and deflectors. As the s^r,xlx
under examination flows through the Gas Sample Chamber, it is irradiated
u
t
n	
^
alternately from two spectrally filtered sources, one centered at 4.27µ and the
other at 4 A.L . Because of the large difference in its relative absorption around
these two wavelengths, the CO content of the sample is indicated by the
difference signal put out by the detector which receives the radiation after it
has passed through the sample. The optical path length is 2.8 cm.
The major components of the Sensor Head are the sources, filters,
beamsplitter, detectors, windows, and the focusing mirror.
4.2.2 Components
4.2.2.1 Sources - The sources consist of platinum elements evaporated on mica
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windows. The two sources are powered alternately at a 10 cps rate. The peak
source temperature is approximately 600"C, and apparent emissivity is between
0.2 and 0.6.
4.2.2.2 Filters - High quality optical interference filters are used in the in-
strument. The CO 2 
filter centered at 4 .27 microns Is 0. 2 microns wide with a
poak transmittance of 84%. The. reference source filter, centered at 4 microns,
is 0.2 microns wide with a peak- transmittance of 74 c/,,. Spectral curves of both
filters are Included in the appendix.
4.2. 2.3 The scam Splitter - The beam splitter functions optically to superimpose
the two filtered sources. This provides for a single optical path, and eliminates
the effects of gases or contaminants that are not spectrally selective in the CO 2
region. The beam splitter is germanium and in the 4 - 5p. region divides the
energy between the measurement channel and its source compensating channel.
Radiation balance In the measurement channel is accomplished electrically.
In the source reference channel, balance; is accomplished optically by in-
serting selective filters in the optical path.
4.2.2.4 Housing Window - The sapphire window performs two functions: to
hermetically seal the main housing; and to transmit the radiation in the region
of interest. The window has been anti-reflection coated for maximum trans-
mission at 4.01j..
4-2.2.5 The Primary Mirror- The f/l spherical mirror functions to image the
detector on the apparent source in a one to one ratio. Aberrations are prin-
cipally astigmatic and are quite tolerable since the detector lies off axis at a
1 .1
M
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small (ingiv. The mirror has been overcoated with prot(xfiv(^ SiO and has a
rt,flectivity of 95%.
•1.2.2.6 The l' roelectric Dotector - The pyroelcctric infrured sensing elements
used in the miniature CC) 2 sensor ure 2 rp m 5yuore crystals of triglycino
sulfate (TGS) .
.Selected deto.c.tors of low noise and hirjh 31onsitivity are mounted integrally
with special field Effect Transistor impedance COLIplers and 10 12
 ohm load
resistors. Each detector case is hermetically scaled with a calcium aluminate
window. Tho detector parameters are tabulated below:
D* (1000,15,1)
cm cps _ 1 /2 watt -1
	
ReSnonsivity
CO 2 Channel
	
4.75 x 108
	
342 volts/watt
Reference Channel
	
3 .1 x 108
	
332 volts/watt
4.2.2.7 Germanium Qptical Dens and rolding Mirror - The germanium pick-off
lens-folding mirror combination functions to image the sources on the reference
channel detector. The germanium lens is anti-reflection coated for 95% trans-
mittance in the 4 - 5 micron region. The lens aberrations are minimized for the
conditions where 75% of the energy incident upon the lens would fall on the
detector.
4.2.2.8 Pressure Transducer - To overcome the enhancing effect of the absolute
pressure of the sample on the partial pressure reading, an electrical correction
loop is incorporated into the system. The input to the loop is through the
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pressure transducer attachad to .4,-ample chamber of the Sensor Head . Its output
t) , odifics the gain of the electronic processing of the meas tire ine lit ch(IIIII(A .
4.3 ELECTRONIC 19,.YSTrN9
4.3.1 Introduction
The output of each detector is processed separately. The monitor channel
corrects for vorlations in source emission. The measurement channel puts out
the partial pressure information. The measurement channel consists of a shaping
precimplifier, a post amplifier incorporating pressure broadening compensation,
a phase !nverter amplifier to incorporate full wave demodulation, a synchronous
filter-democulator, and an output amplifier incorporating CO 2 concentration
compression compensation.
The reference channel consists of an identical shaping amplifier, phase
Inverter amplifier, and synchronous filter demodulator but excludes the post
amplifier. The output of the demodulator is fed through synchronous switches
to the CO2 source drive amplifier. A second source drive similar to this is used
to drive the reference source; however its operating point is prea'et.
The power supply section consists of a switching preregulator, D-C to
A-C power inverter, two full-wave bridges,, a filter network to reduce the ripple,
and series regulators on each output.
Miscellaneous circuits include a 10 cps clock used as the synchronous
driver. A modulator, half-wave rectifier-amplifier and a voltage variable
resistor-field effect transistor wn-m) to process the pressure transducer
signal.
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The control box includes the power input terminals , output meter, call-
.
bration switch, calibration adjustment potentiometer and terminals for external
•	 monitoring of the CO 2 concentration output.
4.3.2 Sub-System Descril2tion
4.3.2.1
	 Preamplifier (A•-101) - The preamplifier consists of a Fairchild micro-
circuit model MA741C with frequency compensation networks to compensate for
system delays.
The amplifier has a gain of 60 db at 10 cps and is boosted at 6 db/octave
until a break occurs at 80 cps due to the series R-C of the feedback network.
This break and the 80 db roll off of the amplifier cause the gain to reduce uc
6 db/octave .	 The microcircuit is biased with plus and minus 6 volts D-C, and
the power consumption is approximately 6 milliwatts .
	
The output of the pre-
amplifier is fed into the post amplifier stage for summation of the detector
signal with the pressure broadening compensation circuit.
4.3.2 , 2	 Post Amplifier L• 108
	 -- The post amplifier consists of a Fairchild micro-
circuit Model MA741C.
	
The gain of this stage is determined by the ratio of the
feedback resistor and the equivalent resistance of the VVR field effect transistor
being controlled by the pressure transducer processing circuit. 	 The post amplifier
is biased from the X12 VDC regulators to accommodate the increased amplitude of
the signal. The output is A-C coupled to the phase inverter stage and the synch-
ronous demodulator.	 The post amplifier is used only in the measurement channel.
t
4.3.2.3
	 Phase Inverter Amplifier (A-102) - The phase inverter consists of a
Fairchild microcircuit Model MA741C.
	
The unity gain amplifier is used to invert
.Page 4-10
the preamplifier signal to obtai.. a full-wave demodulated output. This amplifier
is biased with plus and minus 6 volts D-C; and the power consumption is 	 l.`
.
approximately 6 milliwatts. 	 The output of this stage is fed into one--half of the I
synchronous demodulator.	 The reference channel amplifier incorporates an offset
potentiometer (R118) to obtain a zero CO 2 adjustmcnt. t.,
4.3.2.4 Synchronous Demodulat or-Fi ltor 	 10	 Q102). - The synchronous demod-
ulator consists of two synchronously driven MOS-FET transistor switches.	 Each
transistor constitutes adouble-throw switch configuration. 	 The wiper of the
switch is connected to a storage capacitor: 	 one side of the switch (input switch) VAg
is connected to the preamplifier output, and the other side of the switch (output
switch) is connected to the output amplifier stage.
	 During the first half of the
synchronous cycle the input switch is closed, causing the capacitor to be charged
by the positive swing of the preamplifier.
	 During the second half of the cycle the
input switch opens and the output switch closes, causing the charged capacitor
to discharge into the output stage.
	 The second transistor is identical to the first
except the input switches and the output switches are 180 degrees out of phase.
During the second' half of the synchronous cycle the input switch is closed causing
the capacitor to be charged by the positive'swing of the phase inverting amplifier.
,.
During the first half of the cycle the accumulated charge on the capacitor is dis-
charged, into the output stage. The two outputs are summed, obtaining a full-wave
synchronously demodulated signal. The passband of the demodulator is determined
by the time constant of the input resistor and the capacitor. The output time con-
stant of the system is determined by the storage capacitor, the filter capacitor on
the output and the impedance of the output stage The synchronous demodulator on
the measurement channel; and the reference chaii el are idential except for variation
of the bandpass .	 a
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4.3 .2.5 Output Amplifier {A-103 - The output amplifier consists of a Fairchild
microcircuit Model MA714C. Feedback is incorporated around the amplifier to
compensate for the non-linear signal obtained over the CO concentration range.
During the measurement mode of operation the gain is determined by the ratio of
the feedback network R109 -- R110 - R127 - CR101 - CR102. At low CO 2
 concentration
levels the diodes are not operati,lg; therefore the gain is determined by the ratio
of R109 and R110 plus R127. As the input voltage is increased due to the higher
CO 2 concentration, the output voltage increases, causing the diodes CR101 and
CR102 to conduct. The gain is now determined by the ratio of the equivalent
"on" resistance of the diode and the feedback resistor R127.
During the calibration rs; t,4 ., ?,:)f operation R127 is shunted by the "on"
resistance of Q107 and R111 to reduce the gain to a fixed level. This fixed
gain is used to calibrate the output potentiometer.
4.3.2.6 Source Modulator, Ca l ibration Switching, and Source Drive Am plifier -
The source, modulator (Q105) consists of series-shunt MOS-FET switching.
During one half of the synchronous cycle the series switch is on and the shunt
switch is off, connecting the synchronous demodulator output to the CO2
 source
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drive amplifier. During tho second half of the cycle the sorietri switch if off
and the shunt switch is on, disconnecting the signal and shorting the drive:
amplifier input to ground. The output obtained is a squar.? weave referenced to
zero volts with a positive-doing voltage.
During the calibration mode of operation, a second series-shunt fl OS-F1:T
switch arrangement (Q106, Q107) is incorporated . In this mode the serifs Switch
is turned off and the shunt switch is turned on, causing the output to go to zero
volts.
The CO2 source drive amplifier (A106, Q108) consists of a Fairchild
Microcircuit Model µA741 C and a medium power transistor. The modulated output
of Q10S is the input to the driver amplifier.
4.3.2.7 Beference Source Drive Amplifier 0107, Q109) - The reference source
drive consists of a Fairchild micro-circuit Model µA741 C and a medium power
transistor. An adjustable modulated D-C is connected to the drive amplifier with
a 180-degree phase difference to the CO 2 source drive so that the two sources
are turned on alternately.
4.3.2.8 Switching Preregulator (Q301, A301) - The switching regulator includes
a National semiconductor voltage regulator Model LM200, a switching transistor,
a catch diode and an inductor which delivers power during the switching transistor
off time. The voltage regulator acts as the control amplifier which drive the
switching transistor. The amplifier senses the output voltage and varies the
duty cycle. If the voltage goes up, the duty cycle is decreased, dropping the
output voltage. During the off time of the transistor the inductor delivers power
,C,r
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to the load, with the catch diode providing the continuous path for the inductor
current. The amplifier frequency is synchronized with the power converter by
using a square wave signal from the oscillator to drive the amplifier. The output
1 r
voltage is set by the voltage divider connected to the feedback of the amplifier.
4.3.2.9 D-C to D-C Power Supply (Q205, 0206, T201) - The D-C to A-C
power inverter includes a two transistor common emitter oscillator and a
saturating core power transformer.
The oscillator is started by means of the two resistor voltage divider
set up by the 15 volt D-C input froin the preregulator. This voltage is applied
to .the bases of the transistors, assurinrj turn on of the Oscillator. Protecting
diodes are located across the transistors to shunt excessive transients from the
transformer. The output voltage of the oscillator is coupled to full-wave
rectifiers by the power transformer. The secondary includes four outputs to
supply the necessary system voltages. Each of the four outputs are capacitor
filtered and regulated with monolithic voltage regulators.
4.3.2.10 Positive 6-Volt Regulator 0202, Q203) - The positive 6-volt re:; ulator
includes a National semiconductor positive voltage regulator Model LM305 and
WM
	
an external pass transistor to increase the power capability. The output voltage
is determined by a voltage divider which sets up a feedback voltage to the control
amplifier. An output capacitor is required to suppress oscillation in the feedback
loop of the external transistor and the output of the regulator. Current limiting
is provided by the series output resistor which sets up a predetermined voltage
to turn the regulator off,
19
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4.3.2:11 Negative G-Volt R(IgUlator 0203 Q204) - The,
 negative G-volt regulator
includes a National semmiconductor negative voltage regulator Model 1,M304 and an
•	 external pass transistor to increase the power capability. The output voltage
is determined by resistor R212 which sets up a reference voltage to the control
amplifier. An output capacitor is required to prevent oscillation of the regulator.
Current limiting is provided by resistor 11211 which develops an increase of
voltage as the output current is increased. Auer the voltage increases to
approximately 300 millivolts the regulator is turned off.
4.3.2.12 Positiveive and Negative 12-Volt Regulators 0204 A205 - The positive
and negative 12-volt regulators consist of Foirchild micro-circuits Model µ0741C
with a reference voltage and feedback to regulate the output voltage.
During normal operation the zener diode sets up a reference voltage on
the positive input of the control amplifier. This automatically sets the output
to approximately twice the zener volt age.  An dro in the ou tput is sensed bPP	 YY P	 P	 Y
the negative input of the amplifier, causing the output to go more positive. The
output will increase until it has reached its original level as determined by the
zener voltage. The principles of the positive and the negative regulator are the
same except for the polarities of the diode and the amplifier.
4.3.2.13 Pressure Broadenin g Compensation Circuit 201 A201 	 202) - The
pressure broadening compensation circuit consists of a pressure transducer
located in the optical unit, a modulator to convert the transducer output to an A-C
signal, a half wave rectifier amplifier to amplify the transducer signal and convert
E`
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the A-C signal to a modulated D-C, and a field effect transistor used as a variubh.
resistor to control the (join of the post amplifier. The transducer is composed of
semi-conductor strain gages connected as a bridge. Because of the bridge
configuration the D-C zero shift, the signal has to I)(,,, modulated to obtain an
A-C signal.	 The signal is then rectified and amplified by using a rairchild micro-
circuit liA741C with a diode feedback.
	 This configuration is used to reduce the
threshold voltage of the diode by the open-loop gain of the amplifier. 	 The D-C
signal obtuined is then filtered and used to control the operatincj point of the field
effect transistor.
	 The FET equivalent resistance works in conjunction with the
feedback resistor of the post amplifier to obtain a variable gain amplifier as a
function of pressure.
4.3.2.14 
.
10 cps Clock (Q207) - The 10 cps clock consists of a dual MOS field
effect transistor connected as an astable multivibrator.
	 Biasing is accomplished
by the -15 and +6 volts D-C supplies positive feedback trhough coupling
capacitors assures starting of the oscillation cycle. 	 The negative-going outputs
from each of the drains are used to drive the synchronous demodulators, the
synchronous switching of the source drivers and modulation of the pressure
transducer signal.
0
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Section 5.0 MAINTUNA "E
I	 5.1 INTRODULTION
The Sensor System requires no special handling. Depending upon conditions
of use, the optical surfaces in the sample chamber should be inspected and
cleaned by a technician familiar with the proper procedures .
t..
The electronics circuitry consists of discrete components wired in a
high-density configuration. Care should be taken 1x7 trouble -shooting to avoid
accidental contact with any transistor terminals 	 except those called out
specifically.	 Any repairs that are necessary should be undertaken by a skilled
technician.
The illustrations in this section are intended to show the locations of
the most important components in the system.
	
In particular, Figures 5-2 and 5-3
indicate the signal points of main interest with numbers or letters at the location
of the corresponding terminal points.
	
The electrical locations of these points
are indicated in the schemeatic diagram, Figure 5-4.
5.2 CALIBRATION PROCEDURE
5	 1	 Operational Calibration
A preliminary check (Section 3.2) should be undertaken before electrical
re-alignment is attempted.
5.2.2	 Electrical Calibration
a. Set the voltage across the Reference Source. The voltage is measured
at the collector of Q109. It is set to 2.40 volts peak-to-peak by adjusting 11126.
b. Evacuate the sample chamber to 1.0 x 10_
4
 mm Hg or lower.
c. Backf ill the sample chamber with air or Argon to a pressure of 14.5 PSIA.
.
0
,Poge 5 - 2
fi
d. Monitor the measurement channel demodulator output at lain 3 of 1103	 C
4._
(the output amplifier) .
4
e. Adjust the reference channel offset potent ionic ter (811 8) to obtain 0.00
&0.005 volts at .'103 pin 3 .
fi
5.2.3 Porformange 'i, Tes± __	 f
^i
The procedures and equipment nee	 for a complete test of sensor are
outlined in the-, ATP, referenced in Section 1 .3.	 U
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